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(54) A method of manufacturing a metal article by powder metallurgy

(57) A method of manufacturing a fan blade (26) for
a gas turbine engine by powder metallurgy comprises
the steps of forming a container (52) and placing at least
one metal insert (52) at a predetermined position within
the container (52) and filling the container (52) with metal
powder (60). The at least one metal insert (62) has a
predetermined pattern of stop off material (68,70) on at
least one surface of the metal insert (64,66). The con-

tainer (52) is evacuated and then sealed. The container
(52) is hot pressed to consolidate the metal powder (60)
into a consolidated metal powder preform (72). The con-
tainer (52) is removed from the consolidated metal pow-
der preform (72). The consolidated metal powder preform
(72) is heated and a fluid is supplied to the predetermined
pattern of stop off material (68,70) to hot form at least a
portion of the consolidated metal powder preform (72) to
form the hollow metal fan blade (26).
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Description

�[0001] The present invention relates to a method of
manufacturing a metal article by powder metallurgy.
�[0002] In powder metallurgy, metal powder is consol-
idated by sintering, by hot pressing or by hot isostatically
pressing (HIPing). Sintering and hot isostatic pressing
are relatively expensive processes.
�[0003] Conventionally metal powder is produced by at-
omising a molten metal.
�[0004] New methods of producing metal powder are
described in WO01/62994A, published 30 August 2001
and WO2004/024963A, published 25 March 2004. How-
ever, the metal powders produced by these new methods
have low packing densities that are not amenable to sin-
tering and consolidation by hot isostatic pressing (HIP-
ing). In hot isostatic pressing the metal powder is placed
in a container, which is evacuated and sealed, and then
pressed at high temperature, but these new metal pow-
ders suffer from large changes in shape of the container
in which the metal powder is placed and this makes it
difficult to predict the final shape of the consolidated metal
powder.
�[0005] It is known from UK patent No. GB2306353 to
produce fan blades, and/or fan outlet guide vanes, of gas
turbine engines by machining two metal workpieces, and
possibly a third metal workpiece, to predetermined
shapes, then diffusion bonding the workpieces together
and then hot forming, or superplastically forming, at least
one of the metal workpieces to form a hollow article.
�[0006] This method of producing fan blades and/or fan
outlet guide vanes is complex with many machining and
forming operations.
�[0007] Accordingly the present invention seeks to pro-
vide a novel method of manufacturing a metal article by
powder metallurgy, which overcomes the above-�men-
tioned problems.
�[0008] Accordingly the present invention provides a
method of manufacturing an article by powder metallurgy
comprising the steps of (a) forming a container, (b) filling
the container with metal powder, (c) evacuating the con-
tainer, (d) sealing the container, (e) hot pressing the con-
tainer to consolidate the metal powder into a consolidated
metal powder preform, (f) removing the container from
the consolidated metal powder preform, (g) thermo-�me-
chanically working or machining at least a portion of the
consolidated metal powder preform to form a hollow met-
al article.
�[0009] The thermo-�mechanical working comprises
forging.
�[0010] Preferably the method comprises the steps of
(a) forming a container, (b) placing at least one metal
insert at a predetermined position within the container
and filling the container with metal powder, the at least
one metal insert having a predetermined pattern of stop
off material on at least one surface of the metal insert,
(c) evacuating the container, (d) sealing the container,
(e) hot pressing the container to consolidate the metal

powder into a consolidated metal powder preform, (f) re-
moving the container from the consolidated metal powder
preform, (g) heating the metal powder preform and sup-
plying a fluid to the predetermined pattern of stop off ma-
terial to hot form at least a portion of the consolidated
metal powder preform to form a hollow metal article.
�[0011] Preferably step (a) comprises forming two
workpieces and welding the workpieces together to form
the container.
�[0012] Preferably step (a) comprises cold pressing the
workpieces to a predetermined shape to form the con-
tainer.
�[0013] Preferably step (a) comprises forming the con-
tainer from metal, preferably steel, more preferably mild
steel.
�[0014] Preferably step (e) comprises hot pressing the
container in shaped dies. Step (e) may comprise hot iso-
static pressing.
�[0015] Preferably step (f) comprises peeling off the
container or dissolving the container in an acid.
�[0016] Preferably the metal powder comprises a tita-
nium alloy. However, the metal powder may comprise
other suitable metals or alloys.
�[0017] Preferably the metal insert comprises a titanium
alloy.
�[0018] Preferably the stop off material comprises yttria.
�[0019] Preferably step (g) comprises supplying a gas
to the predetermined pattern of stop off material.
�[0020] Preferably the article is a component of a gas
turbine engine.
�[0021] Preferably the article is a compressor blade, a
compressor vane, a fan blade or a fan outlet guide vane.
�[0022] The present invention will be more fully de-
scribed by way of example with reference to the accom-
panying drawings in which:-

Figure 1 is a partially cut away view of a gas turbine
engine having a fan blade manufactured according
to the present invention.
Figure 2 is an enlarged view of the fan blade shown
in figure 1.
Figure 3 is a cross-�sectional view through a sealed
container containing metal powder and a metal in-
sert.
Figure 4 is a view of metal insert and a predetermined
pattern of stop off material on one surface of the met-
al insert.
Figure 5 is a cross- �sectional view through the sealed
container containing metal powder and metal insert
as placed in shaped dies prior to consolidation.
Figure 6 is a view of a consolidated metal powder
preform prior to superplastic forming.
Figure 7 is a view of the consolidated metal powder
preform after superplastic forming.
Figure 8 is a sectional view along line A-�A in figure 7.

�[0023] A turbofan gas turbine engine 10, as shown in
figure 1, comprises in flow series an intake 12, a fan sec-
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tion 14, a compressor section 16, a combustion section
18, a turbine section 20 and an exhaust 22. The fan sec-
tion 14 comprises a fan rotor 24 carrying a plurality of
circumferentially spaced radially outwardly extending fan
blades 26. The fan blades 26 are arranged in a bypass
duct 28 defined by a fan casing 30, which surrounds the
fan rotor 24 and fan blades 26. The fan casing 30 is se-
cured to a core engine casing 34 by a plurality of circum-
ferentially spaced radially extending fan outlet guide
vanes 32. The fan rotor 24 and fan blades 26 are arranged
to be driven by a turbine (not shown) in the turbine section
20 via a shaft (not shown). The compressor section 16
comprises one or more compressors (not shown) ar-
ranged to be driven by one or more turbines (not shown)
in the turbine section 20 via respective shafts (not
shown).
�[0024] The fan blade 26 is shown more clearly in figure
2. The fan blade 26 comprises a root portion 36 and an
aerofoil portion 38. The root portion 36 is arranged to
locate in a slot 40 in the rim 42 of the fan rotor 24, and
for example the root portion 36 may be dovetail shape,
or firtree shape, in cross-�section and hence the corre-
sponding slot 40 in the rim 42 of the fan rotor 24 is the
same shape. The aerofoil portion 38 has a leading edge
44, a trailing edge 46 and a tip 48 remote from the root
portion 36 and the fan rotor 24. A concave pressure sur-
face 50 extends from the leading edge 44 to the trailing
edge 46 and a convex suction surface 51 extends from
the leading edge 44 to the trailing edge 46.
�[0025] A method of manufacturing a fan blade 26 by
powder metallurgy according to the present invention is
shown with reference to figures 3 to 8. The method of
manufacturing the fan blade 26 comprises forming a con-
tainer 52. The container 52 comprises two steel work-
pieces, steel sheets, 54 and 56. The steel sheets, pref-
erably mild steel sheets, 54 and 56 are cold pressed to
a predetermined shape, which is modelled such that a
subsequent hot pressing process does not compress, or
consolidate, significant amounts of metal powder per-
pendicular to the loading direction. The peripheries of the
steel sheets 54 and 56 are welded together to form the
container 52 and to define a cavity 58 within the container
52. It is preferred that the container 52 is a simple shape.
Metal powder, titanium alloy e.g. Ti 6wt% Al, 4wt% V, 60
is supplied into the cavity 58 within the container 52 to-
gether with a metal insert, titanium alloy e.g. Ti 6wt% Al,
4wt% V, 62, as shown in figure 3. The metal insert 62 is
provided with a predetermined pattern of stop off mate-
rial, e.g. yttria, 68, 70 on the surfaces 64 and 66 of the
metal insert 62, as shown in figure 4. The container 52
is then evacuated and sealed.
�[0026] The container 52 is then placed between
shaped dies 72, 74, as shown in figure 5, in a hydraulic
press and hot pressed at a suitable temperature and at
a relatively low strain rate to consolidate the metal powder
60 and to diffusion bond the metal powder 60 to the metal
insert 62, except at those positions on the faces 64 and
66 where the predetermined pattern of stop off material

68 and 70 has been applied, to form a consolidated metal
powder preform 72. The container is heated to a temper-
ature of 930°C for a titanium alloy e.g. Ti 6wt% Al, 4wt% V.
�[0027] The consolidated metal powder preform 72 is
then removed from the container 52 by cutting an edge
of the container 52 for example by abrasive water jet
cutting, laser cutting etc and then peeling off the remain-
der of the container 52. Alternatively the container 52
may be removed by dissolving in a suitable acid.
�[0028] An aperture 74 is drilled into the consolidated
metal powder preform 72 and a pipe 76 is inserted into
the aperture 74 and sealed to the consolidated metal
powder preform 72 connected to the predetermined pat-
tern of stop off material 68 and 70 in the consolidated
metal powder preform 72, as shown in figure 6. The con-
solidated metal powder preform 72 is then placed in a
hot forming die, e.g. a superplastic-�forming die, and is
heated to a temperature suitable for hot forming or su-
perplastic forming. The hot forming die, or superplastic-
forming die, defines the finished shape of the fan blade
26. A pressurised inert gas is supplied through the pipe
76 to inflate the consolidated metal powder preform 72
in the regions where the predetermined pattern of stop
off material 68 and 70 was applied to form the hollow fan
blade 26 with one or more internal cavities 74, 76 as
shown in figures 7 and 8. The consolidated metal powder
preform 72 is heated to a temperature of about 930°C to
superplastically form, or hot form, a titanium alloy e.g. Ti
6wt%Al, 4wt% V.
�[0029] Some final machining of the hollow fan blade
26 may be required to produce the root section 36, e.g.
to produce a dovetail root or a firtree root, or to accurately
produce the leading edge 44 and trailing edge 46.
�[0030] Although the present invention has been de-
scribed with reference to manufacturing a fan blade, the
present invention may be used to manufacture other
components of a gas turbine engine or other articles. For
example the present invention may be used to manufac-
ture a compressor blade, a compressor vane or a fan
outlet guide vane. The stop off material may be applied
to only one surface of the metal insert and the stop off
material may be applied to produce any suitable arrange-
ment of cavities, and may if required produce only a single
cavity, for example for a fan outlet guide vane.
�[0031] In a second example of the present invention it
is possible to provide a metal, or alloy, insert or other
material insert at a predetermined position within the con-
tainer and to fill the container with metal powder. The
insert does not have a stop off material. The container is
then evacuated, sealed and hot pressed to consolidate
the metal powder into a consolidated metal powder pre-
form. The container is placed between shaped dies in a
hydraulic press and hot pressed at a suitable temperature
and at a relatively low strain rate to consolidate the metal
powder. Then the consolidated metal powder preform is
forged and/or machined to form the final shape of a metal
article. The insert may have high strength and the metal
powder may be malleable to produce a metal article with
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a high strength inner core and a malleable outer shell,
which may be shaped to the shape of the metal article.
The insert may have high strength and the metal powder
may be environmentally resistant, e.g. corrosion, oxida-
tion, high temperature resistance to produce a metal ar-
ticle with a high strength inner core and an environmen-
tally resistant outer shell.
�[0032] In another example of the present invention it
is possible to dispense with the insert. The container is
filled with metal powder, the container is then evacuated,
sealed and hot pressed to consolidate the metal powder
into a consolidated metal powder preform. The container
is placed between shaped dies in a hydraulic press and
hot pressed at a suitable temperature and at a relatively
low strain rate to consolidate the metal powder. Then the
consolidated metal powder preform is forged and/or ma-
chined to form the final shape of a metal article.
�[0033] The metal powder may be consolidated using
hot isostatic pressing by applying heat and supplying
pressurised inert gas in a HIPPING vessel. Alternatively
the metal powder may be consolidated using hot isostatic
pressing by applying heat in an air furnace such that the
metal powder is consolidated under atmospheric pres-
sure due to the vacuum in the container. However, re-
sidual internal porosity in the consolidated metal powder
preform is removed during subsequent hot forming op-
erations.
�[0034] The metal powder may be a conventionally pro-
duced metal powder or preferably may be a metal powder
produced by the chemical or electrochemical processing
directly from metal compounds as described in
WO01/62994A or W02004/024963A.
�[0035] The advantage of the present invention is that
it is much simpler than the present method of forming a
fan blade or fan outlet guide vane. The present invention
dispenses with the need to shape two separate metal
workpieces, to diffusion bond the metal workpieces to-
gether and then to hot form, or superplastically form, at
least one of the metal workpieces to form the hollow fan
blade or fan outlet guide vane.

Claims

1. A method of manufacturing a hollow powder metal-
lurgy comprising the steps of (a) forming a container
(52), (b) placing at least one metal insert (62) at a
predetermined position within the container (52) and
filling the container (52) with metal powder (60), the
at least one metal insert (62) having a predetermined
pattern of stop off material (68, 70) on at least one
surface (64, 65) of the metal insert (62), (c) evacu-
ating the container (52), (d) sealing the container
(52), (e) hot pressing the container (52) to consoli-
date the metal powder (60) into a consolidated metal
powder perform (72), (f) removing the container (52)
from the consolidated metal powder perform (72),
(g) heating the consolidated metal powder preform

(72) and supplying a fluid to the predetermined pat-
tern of stop off material (68, 70) to hot form at least
a portion of the consolidated metal powder preform
(72) to form a hollow metal article (26).

2. A method as claimed in claim 1 wherein step (a) com-
prises forming two workpieces (54, 56) and welding
the workpieces (54, 56) together to form the contain-
er (52).

3. A method as claimed in claim 2 wherein step (a) com-
prises cold pressing the workpieces (54, 56) to a
predetermined shape to form the container (52).

4. A method as claimed in any of claims 1 to 3 wherein
step (a) comprises forming the container (52) from
metal, preferably steel, more preferably mild steel.

5. A method as claimed in any of claims 1 to 4 wherein
step (e) comprises hot pressing the container (52)
in shaped dies.

6. A method as claimed in any of claims 1 to 4 wherein
step (e) comprises hot isostatic pressing the contain-
er (52) in a Hipping vessel.

7. A method as claimed in any of claims 1 to 6 wherein
step (f) comprises peeling off the container (52) or
dissolving the container (52) in an acid.

8. A method as claimed in any of claims 1 to 7 wherein
the metal powder (60) comprises a titanium alloy or
other suitable metals or alloys.

9. A method as claimed in any of claims 1 to 8 wherein
the metal insert (62) comprises a titanium alloy.

10. A method as claimed in any of claims 1 to 9 wherein
the stop off material (68, 70) comprises yttria.

11. A method as claimed in any of claims 1 to 10 wherein
step (g) comprises supplying a gas to the predeter-
mined pattern of stop off material (68, 70).

12. A method as claimed in any of claims 1 to 11 wherein
the hollow article (26) is a component of a gas turbine
engine (10).

13. A method as claimed in claim 12 wherein the hollow
article is a compressor blade, a compressor vane, a
fan blade (26) or a fan outlet guide vane (32).
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